I have used paper-mounted large sections of lung for the study of the gross anatomy of emphysema. These preparations were devised by Gough and Wentworth (1949) for the study of pneumoconiosis, and particularly to demonstrate the forms of emphysema associated with that condition. The sections have also been found useful when applied to non-industrial emphysema. Such preparations being representative of the whole lung are of value in estimating the overall severity of emphysema since the latter is very rarely of uniform degree throughout the lung and the examination of selected small areas by histological methods alone, may give a misleading impression of the total lung damage. Histological methods are, however, essential in detecting slighter degrees of emphysema, and for accuracy measurement of alveolar size as used by Hartroft and Machlin (1943, 1944) is necessary. The large sections are suitable for the assessment of moderate and severe degrees. From them can be judged how much tissue survives as well as how much has been destroyed and they show the extent of what Christie calls the "pathological dead space". The lungs were expanded by running formalin solution into the main bronchi after removal from the body. Normal lungs were treated in the same way for comparison.
DISCUSSION ON THE DIAGNOSIS OF PULMONARY EMPHYSEMA Professor J. Gough (Department of Pathology and Bacteriology, Welsh National School of Medicine, Cardiff):
The Pathological Diagnosis of Emphysema I have used paper-mounted large sections of lung for the study of the gross anatomy of emphysema. These preparations were devised by Gough and Wentworth (1949) for the study of pneumoconiosis, and particularly to demonstrate the forms of emphysema associated with that condition. The sections have also been found useful when applied to non-industrial emphysema. Such preparations being representative of the whole lung are of value in estimating the overall severity of emphysema since the latter is very rarely of uniform degree throughout the lung and the examination of selected small areas by histological methods alone, may give a misleading impression of the total lung damage. Histological methods are, however, essential in detecting slighter degrees of emphysema, and for accuracy measurement of alveolar size as used by Hartroft and Machlin (1943, 1944) is necessary. The large sections are suitable for the assessment of moderate and severe degrees. From them can be judged how much tissue survives as well as how much has been destroyed and they show the extent of what Christie calls the "pathological dead space". The lungs were expanded by running formalin solution into the main bronchi after removal from the body. Normal lungs were treated in the same way for comparison.
The examination post mortem of a number of lungs from individuals who had been examined during life in the departments of Professor R. V. Christie and Dr. C. M. Fletcher, has demonstrated that where marked evidence of emphysema has been shown by laboratory methods, gross evidence of the condition can be seen by the naked eye in paper-mounted sections. The patterns of emphysema seen in these cases vary considerably and the large sections reveal certain distributions of bulle which are not readily seen when the lung is examined whole or sliced in the usual way in the autopsy room.
The patterns suggest that the mechanics involved in the production of widespread chronic emphysema are not always the same and there appear to be at least two perhaps fundamentally different types. In the one, the forces at work appear to affect the lungs as one unit, whereas in the other, the disturbance seems to concern more particularly the mechanics of the individual secondary lobules. In nonindustrial cases the former type of emphysema appears the more common. We find the familiar picture of bulkx most abundant and largest in the upper parts of the lung, projecting from the surface but also in severe cases occupying a considerable part of the interior of the lung. The large sections show that bulle within the lung are frequently distributed along blood vessels, bronchi and septa. Such bulks may be found in chains running up to the hilum. "Lack of support" is usually put forward as the reason for peripheral bulle but this would not explain the bulle along the main vessels and bronchi. It would seem rather that the bulks tend to occur in relation to all parts of the framework of the lung, whether this is in the interior or on the surface. The expanding force of respiration not only disrupts the lung adjacent to the pleura, but also seems to pull the degenerate lung parenchyma from its framework in the interior of the lung.
The second characteristic distribution of bulle is within the centres of the secondary lobules. This is the commonest type of emphysema seen in coal workers, and its anatomy is easily seen in the paper-mounted sections because there is usually sufficient dust to outline the secondary lobules and to show that the emphysema starts in the centres of these lobules round about the terminal and respiratory bronchioles which in coal workers are surrounded by collections of dust-containing cells.
A similar distribution of bullk within secondary lobules is seen in some cases of non-industrial emphysema so that the presence of a contracting coal focus is not essential for the production of this type of lesion. In the severest examples of this central lobular emphysema that I have seen in a nondusty lung there was severe chronic inflammation of the terminal bronchioles. The presence of coal foci seems, however, to account for the great frequency of this form of emphysema in coal workers. It is probable that a disturbance of the bronchiolar mechanism is responsible. Heppleston (1951) has shown, however, that in coal workers' simple pneumoconiosis the bronchioles are not obstructed. But I think that they may be less able to expand on account of the collar of dust and reticular fibrosis that occurs around them. Heppleston (1947, 1951) considers the emphysema to be due in part to shrinkage of the coal foci together with the force of inspiration on the lung around these solid foci.
Bullous emphysema may occur in only one of the lungs or may severely affect the whole of one lobe while the rest of the lung tissue is little affected. Partial stenosis of the bronchus of one lung or one lobe seems the likely cause of this distribution.
Since bronchial obstruction is believed to play a part in the development of certain forms of emphysema, examinations of the lungs from cases of chronic spasmod' asthma would be expected to give information on obstructive emphysema. Of the cases that I have examined where death was due to status asthmaticus, I have been surprised to find that in several of them there was little evidence Section oJ Experimental Medicine and T'herapeutics 577 of chronic irreversible emphysema. Some of the individuals had suffered from spasmodic asthma for very many years without producing bullous emphysema; in those showing the latter condition, the appearance was not distinctive and the distribution of the bulla was similar to that seen in chronic bronchitis. It would seem that intermittent bronchiolar obstruction as in spasmodic asthma does not produce central lobular emphysema. (An incidental finding in the asthmatic lungs was the frequent occurrence of chronic localized bronchiectasis apparently due to areas of collapse. The bronchiectasis was not suspected during life.)
The condition of honeycomb lung as described by Oswald and Parkinson (1949) can usually be distinguished from bullous emphysema. These authors have suggested that the cysts resemble focal emphysema of pneumoconiosis, but I find the appearances to be different and the mechanisms of their formation may be different also. Honeycomb lung is not uncommon in coal workers and when it occurs in a lung which also shows the common focal emphysema, the differences in the two lesions are striking. Focal emphysema of coal workers may be compared to a wheel consisting of a central lesion of dust, the hub as it were, with spokes radiating between the emphysematous spaces. In the honeycomb lung, however, there are no hubs and spokes, we have only the rim. Honeycomb lung and focal emphysema are both the result of interstitial infiltrations, but in different positions. Perhaps in the former the infiltration is mainly in the septa between the secondary lobules while in the latter the infiltration is mainly around respiratory and terminal bronchioles.
In conclusion I would say that the large section technique should help in resolving the differences of opinion that so often exist between clinicians, radiologists and pathologists as to the existence and severity of emphysema in particular cases. The Clinical Diagnosis of Pulmonary Emphysema-An Experimental Study To most clinicians, the term "emphysema" conveys a picture of a patient with a functional disturbance -exertion dyspncea-and with certain more or less characteristic signs comprising the emphysematous type of chest. With the help of the radiologist, he may sub-divide emphysema into groups such as "acute vesicular", "compensatory", "bullous" or even "unilateral" emphysema. But he cannot distinguish the various patterns of pathological change which Professor Gough has described and, in effect, the clinical diagnosis of emphysema is restricted to so-called chronic hypertrophic emphysema and comprises all breathless subjects who present certain accepted physical signs. Though the diagnosis is admittedly uncertain (Christie, 1944) it is commonly made with serene confidence. I shall now consider how far this confidence may be justified.
So far as symptoms are concerned, dyspncea is really the only essential. Cough and sputum are the symptoms of pre-existing or consequent bronchitis. It is true that the majority of cases of emphysema give a history of cough preceding breathlessness for many years, but this is not always so, and in some severe cases, cough is either absent or is insignificant. There are probably as many causes as there are pathological patterns of emphysema, and the study of the history may assist in distinguishing them, but I am here only concerned with the clinical diagnosis and assessment of the final established condition. To do this the clinician must determine, on the one hand, the severity of dyspncea and, on the other, the presence of the physical signs.
First then, the clinician must assess the severity of the dyspnaea. Such a subjective and comparative symptom cannot be assessed by any single simple question, such as "How breathless are you on exertion?" for the answer will largely depend upon the patient's habits and activities, and the effect of age in diminishing exercise tolerance is very great-as many of us are painfully aware-so that we cannot safely compare a man's present with his previous abilities.
The standard questions which we have for some years employed in the Pneumoconiosis Research Unit to establish clinical grades of breathlessness are as follows:
Grade 1: Is the patient's breath as good as that of other men of his own age and build at work, on walking, and on climbing hills or stairs? Grade 2: Is the patient able to walk with normal men of own age and build on the level but unable to keep up on hills or stairs? Grade 3: Is the patient unable to keep up with normal men on the level, but able to walk about a mile or more at his own speed? Grade 4: Is the patient unable to walk more than about 100 yards on the level without a rest? Grade 5: Is the patient breathless on talking or undressing, or unable to leave his house because of breathlessness?
We have found that the use of these questions has enabled different observers to get reasonably repeatable results on independent examination of random samples from a single large population of miners (Cochrane, Chapman and Oldham, 1951) . There is also general agreement between the answers to these questions and an objective measure of dyspnoea (Hugh-Jones, 1952) .
For most purposes, then, the clinician may rest content with the answers to such questions to determine the severity of the dyspncea, but he must be constantly aware of the disturbing effect in individual assessments of bias which may be introduced by himself and by the patient, especially when an issue such as compensation, or the value of a favourite method of treatment, is at stake.
The assessment of the physical signs.-My colleagues and I recently carried out an experiment in collaboration with Professor Christie and his colleagues. The experiment arose out of a request by Professor Christie's group to visit the Pneumoconiosis Research Unit in order to study the physical signs in the chest in cases of pneumoconiosis for comparison with those they were accustomed to note in cases of uncomplicated emphysema attending their special Clinic. We decided to make use of this visit to study observer error in the elucidation of these physical signs. There were 8 observers,' all of whom were Members or Fellows of the Royal College of Physicians and they were all continually concerned in their daily work with the study of emphysema. Each observer carried out a full clinical examination of the chest on 20 patients and his findings were recorded by an amanuensis on a prepared form. Each sign was recorded as being absent, present or marked. Fifteen minutes were allowed for the examination of each subject. Although in routine clinical work this would be a generous allowance, some observers felt rushed and became tired towards the end of the experiment.
At the time of the examination, each observer was told the patient's clinical grade of breathlessness and in the light of this information and his examination, he was asked to assess the presence or absence of emphysema. Since two members of the "home team" knew some of the patients, their diagnoses of emphysema have had to be discarded from the analysis.
The characteristics of the patients are shown in Table I . It will be seen that they were all middle-aged, or elderly, and pretty disabled. Half of them had massive fibrosis due to pneumoconiosis, seven had Category. According to International Classification (Cochrane, Davies and Fletcher, 1951 early simple pneumoconiosis and three had no evidence of pneumoconiosis. Nearly all showed some radiographic evidence of emphysema. Their total lung capacities were not greatly increased, but the residual capacity percentage was very high in the majority. This residual capacity percentage is by no means an absolute measure of severity of emphysema, but it is an index which is still widely accepted and in the United States of America it is almost considered synonymous with emphysema. Motley, Gordon, Lang and Theodos, 1950) . For my present purpose I have had to use it as the only available index of the severity of emphysema independent of clinical assessment. By this criterion, the patients, with three exceptions, all had moderate to extremely severe degrees of emphysema, but since the majority had pneumoconiosis and half of them had massive fibrosis, they were not uncomplicated cases of emphysema.
These then were the patients upon whom we sought to study the observer error in the physical signs of the chest and from whom I shall attempt to derive some hesitant conclusions regarding the value of certain signs in the diagnosis of emphysema. I have chosen to study signs which were mentioned by five out of six standard textbooks as being present in cases of emphysema. They are: barrel chest, wide sub-costal angle, kyphosis, use of accessory muscles of respiration, impaired chest expansion, movement en bloc, generalized hyper-resonance, impaired liver dullness, impaired cardiac dullness, absent apical impulse, impaired breath sounds.
I will now consider the differences between the observers in determining the presence or absence of these signs and in their final diagnosis of emphysema. Most of us assume that, except in occasional borderline cases, the signs we observe are present and those which we do not observe are absent. However, experiment does not support this view and great disparities become apparent. Fig. 1 shows the frequency with which each of the physical signs was detected by each observer (referred to by the letters A to H). The full height of each column shows the number of cases in which the sign was recorded as present by each observer, the double-hatched portions of the columns represent the number of cases in which the observer found the sign to be "markedly" present. It can be seen at once that there is great variation between the observers. For instance, observer C and G never considered that the accessory muscles were used in respiration in these cases, whereas A and D thought they were used in three-quarters of them. Observer H thought they were markedly used in three of them. Barrel chest was diagnosed three times as often by F as by A. Observer D stands out as being a particularly sensitive (or imaginative) observer, recording the highest frequency of positives in most of the signs. He also failed least often to detect the apical impulse.
This figure also gives a general impression of the frequency with which these abnormal physical signs were observed in this emphysematous group of subjects. Impaired chest expansion, movement en bloc, and absent apical impulse were common, whereas a wide subcostal angle and impaired breath sounds and hyper-resonance were less often observed.
The figure does not tell the full story of inter-individual disagreement. For instance, observers D and F observed impaired chest expansion with equal frequency, namely in 11 cases each, but only 6 of these were the same cases, and there were only 4 cases in which they both agreed the expansion was unimpaired. Thus there were 10 agreements and 10 disagreements-50% disagreement, although in Fig. 1 they appear to agree. There is no really simple method for expressing the average level of inter-individual disagreement. Perhaps the simplest method is to consider the percentage of observers who dissented from the majority in the assessment of each sign. Where the observers are equally divided, we can say that there is 50% disagreement, where they are divided into five and three, 37*5 % are in disagreement with the majority, 25 % disagree where the distribution is six and two and so on. For each sign we can average the percentages recorded for each of the 20 patients. The results are given in Table II , excluding those cases in whom the particular sign was never found positive, so that only those cases where disagreement could arise are considered. The percentage disagreement ranges from 19-33. In hyper-resonance (33 %) the observers were divided so that on the average two thought one thing and one another, whereas in relation to impaired expansion (19%) the proportions were 4 to l. It is important to realize that these differences in disagreement represent not only the difficulty the observers found in detecting the various signs, but they also reflect the degree to which the signs were positive in this group of cases. On the whole, the patients had grossly impaired chest expansion and the observers found less difficulty in agreeing on this point. The higher level of disagreement in diagnosing the use of accessory muscles. hyper-resonance and impaired liver dullness, may in part be due to the fact that this group of cases did not show these signs to a marked degree. It may equally be due to the fact that the observers found these signs difficult to elucidate. In the absence of any absolute opinion as to the presence or absence of the sign, we cannot disentangle these two influences.
The only sign for which we might expect to obtain an absolute opinion is impaired chest expansion, for at the end of his examination, each observer measured the chest expansion of each subject at the nipple level by means of an ordinary tape measure. There was surprising disagreement in the measurements obtained. In twelve of the subjects, the range of the measured expansion was 1 in. or more, reaching I j in. in one subject. The range was never less than I in. More consistent results would presumably have been obtained had we been able to provide each observer with a spring-loaded tape measure (Cotterill, 1951) . The mean of the measured expansions has been taken as the true chest expansion and in Fig. 2 the relationship between the chest expansion of each patient and the number of positive diagnoses of impaired chest expansion is plotted. It will be seen that the chest expansion was grossly impaired in all the patients; only one had an expansion of more than 2 in. Even in the patients with an expansion of 1 in. or less, the average number of positive diagnoses was only 7 out of 8 (disagreement 12 5%). In patients with 1 to 2 in. expansion, the average was only 5 positive diagnoses out of 8 (disagreement 37-5 %). As students, we are taught that the cardiac impulse at the apex is either palpable or impalpable, yet there was in this group of cases a 26 % chance that one of the observers would disagree with the others on this point (Table II) . The errors may seem smaller if we look at the figures the other way round and state that agreement ranged from 70-80%. But we must recall that if the observers had tossed pennies to get their answers instead of examining the patients' chests, they would have got 50% agreement. 67% (for hyper-resonance) is not so very much better than this; although such a level of agreement would not be obtained once in a thousand times if pennies had been tossed instead of chest percussed. Presumably so little attention has been given by clinicians to the problem of error in assessing physical signs because they seldom hunt in couples of equal seniority. But it is nevertheless surprising and I know of no account in the literature of any previous experimental investigation of error in assessing physical signs in the chest. Some other fields of clinical assessment have been investigated. In laryngology, it has been shown that there is little or no agreement between different doctors in assessing the severity of tonsillar disease (Bakwin, 1945) and gross disagreements in the assessment of redness of the throat between different observers examining the same throat on the same day have been shown by Proetz (1939) . Clinical assessment of the status of nutrition of children has been shown to depend more upon the observer than upon the child (Derryberry, 1938; Huws-Jones, 1938) . The greatest amount of investigation has been done in the field of radiology, particularly in relation to tuberculosis (Garland, 1950; Yerushalmy et al., 1950 Yerushalmy et al., , 1951 and in pneumoconiosis (Fletcher and Oldham, 1949, 1951) . Christie and Knott (1951) have also shown that the radiological diagnosis of emphysema is uncertain. Only in the field of radiology has the work been directed to discovering techniques whereby the error could be reduced.
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My own results are also purely negative. They just demonstrate the magnitude of the errors but give no indication of the way in which they might be reduced. It is possible that by careful definition of some of the signs, agreement might be increased. For instance, in impaired liver and cardiac dullness, one might define more precisely the point at which the percussion note should change for a diagnosis of slightly and markedly reduced dullness. Photographs might be used for the barrel chest, protractors for the sub-costal angle and so on. If physical signs are to be used in clinical diagnosis, then their use should be made as accurate as possible and the study of the errors to which they are subject and the way in which these errors may be reduced merit more attention than they have hitherto been given.
Although the physical signs we have considered were subject to great errors in their elucidation, they may, none the less, be valid signs of emphysema. I propose now to consider the evidence provided by the experiment on this question. To do this, we must attempt to discover how far their presence or absence was or was not associated with emphysema. We are here up against the difficulty of having no absolute measure of the emphysema. I am, therefore, forced to use the percentage residual capacity although, as t have said, this is not a proper index of the severity of emphysema. There was, however, a fairly strong association between the clinical diagnoses of emphysema made by the observers and the residual capacity percentage. This is shown in Fig. 3 , which gives the frequency distribution of positive diagnoses of emphysema by the six observers whose diagnoses of emphysema could be accepted as unbiased. The frequency is given in the form of a histogram showing the number of cases in which no diagnosis of emphysema was made, (1 case), in which one was made (4 cases) and so on, up to those in whom six diagnoses of emphysema were made (2 cases). Thus the cases at the left hand of the histogram were seldom diagnosed as having emphysema and those at the right hand end had emphysema diagnosed frequently. The cases may be placed into three groups, with infrequent (0-1) moderately frequent (2) (3) (4) and frequent (5) (6) diagnosis of emphysema, as has been done in the figure, and we can find the mean residual air in the three groups. These values are plotted above the histogram and it is found that the residual capacity increased with the increasing frequency of the diagnosis of emphysema. We can now apply a similar technique to all the physical signs plotting frequency distributions of diagnosis and plotting the mean residual airs in three groups. We can also take for each group the mean frequency of diagnosis of emphysema. This has been done in Fig. 4 . It will be seen that in the particular 20 cases whom we examined, barrel chest or wide sub-costal angle bore no relationship to the residual air percentage and very little relationship to the frequency of diagnosis of emphysema. The relationship was also relatively poor in the case of kyphosis, use of accessory muscles, impaired chest expansion and movement en1 bloc. In the other signs, the relationship was very much better, particularly in the signs concerned with hyper-resonance and the impairment of breath sounds.
This figure also gives an impression of frequency of diagnoses of these various signs in this emphysematous group of cases. Those signs with the histogram shifted to the left were relatively infrequently diagnosed, those shifted to the right were relatively frequently diagnosed. Those heaped up in the middle are the signs in which there was the greatest amount of disagreement, either because the sign was difficult to assess, or because it was present to an indifferent degree.
It is most importaint to emphasize that these findings only apply to the particular 20 cases who formed the material for this experiment. Half of these cases had massive fibrosis and cannot be considered typical cases of uncomplicated emphysema. Moreover, for a proper assessment of the relationship of these signs to the diagnosis of emphysema, we should study a larger group of cases ranging from complete normality to extreme abnormality. In the cases we studied, there were no subjects who could really be said to be normal and the majority were grossly abnormal.
The poor relationship of barrel chest and wide sub-costal angle to emphysema is very striking. It may be due to the fact that emphysema in cases of pneumoconiosis is not associated with the large chest of the ordinary uncomplicated emphysema. On removing the cases with massive fibrosis from the analysis, however, I found their relationship is not much altered, but the number of cases is then so small that it is impossible to be sure.
My chief purpose in presenting these findings is to suggest that an experiment of this kind may be of value in assessing the validity of physical signs for the diagnosis of any chest condition. The subjects should be selected to illustrate every gradation from normality to abnormality in the particular condition under examination. In a properly selected group of patients, studied perhaps by a group of more skilled observers than those who partook in our experiment, it might be possible to demonstrate clearly which signs are and which are not relevant to the clinical diagnosis of emphysema. In the light of such an experiment, it might be possible to reject some of the traditional signs and we might in this way lessen the burden we at present lay upon students of medicine who have to learn so many clinical methods based upon tradition rather than upon experiment.
With regard to the clinical diagnosis of emphysema, my conclusion is that it cannot be made with any confidence (at least by a single observer) except perhaps in the most advanced cases, so that there is little hope of the clinician being able to diagnose the early stages. For this he must turn to the objective methods of the physiologist to help him in his perplexity. The type of problem in which we are interested is estimating the prevalence of emphysema in miners without pneumoconiosis and in non-miners in a community, or the assessment of the degree of emphysema in the radiological stages of pneumoconiosis. We are using this latter problem to illustrate our method.
From Dr. Fletcher's communication it is clear that physical signs of emphysema are difficult to interpret and observe, and also that the diagnosis largely depends on the presence of breathlessness for which no other cause can be found. The clinician is therefore using a subjective assessment of function as his most important single criterion for diagnosis. This suggests that the objective physiological measurements of function should provide a more satisfactory index of the presence and degree of emphysema.
A variety of tests have been reported to be characteristic of emphysema. It was early observed that the residual capacity (R.C.)-the air remaining in the lung at the end of expiration-was increased in advanced cases. However, the absolute value of the residual capacity depends partly on the size of the individual, and thus it has become common to express the residual capacity as a percentage of the total lung capacity (T.L.C.) to allow for individual variations in size. A R.C. % T.L.C. greater than 36 % is now often regarded as synonymous with some degree of emphysema (McCann, 1939; Motley et al., 1949; Baldwin et al., 1949) but recent investigations (Greifenstein et al., 1952) have shown that the ratio is not independent of age, there being a considerable rise in the percentage in apparently normal elderly subjects. For example, in our series, men aged 55 had on the average a ratio 120% greater than men aged 25. This of course may indicate that there are changes in normal individuals which are the same as those which occur in emphysema. Whatever the reason, it draws attention to the necessity for comparing men of comparable age groups when using the R.C. % T.L.C. as an index of abnormality. There is another difficulty in using the ratio which is well shown in cases of pneumoconiosis. The ratio is increased in advanced cases of massive fibrosis but this is principally due to a fall in the vital capacity, for the absolute value of the residual capacity is, on the average, smaller than in normal subjects. This change is in marked contrast to that found in non-industrial emphysema, when there is usually an absolute increase of the residual capacity with the lung volume remaining normal or being only slightly reduced. Thus to accept residual capacity % T.L.C. as a measure of emphysema without consideration of the age of the subject or the cause of the altered ratio may be misleading.
Another test which has been considered to be an important index of emphysema is the inequality of distribution of air entering the lungs. Many methods for measuring the inequality have been devised. The results depend on such variables as the size of the functional residual capacity and the tidal volume and are affected seriously by the particular method used. Bates and Christie (1950) have recently published a method using a closed circuit helium apparatus. They obtained good separation of normal subjects from a group of advanced cases of emphysema. We have used the same method but failed to obtain nearly as good separation of normal subjects from a group of advanced cases of emphysema. This may be partly due to differences between their apparatus and ours, although these were very small. It may also have been due to our normal subjects being less highly selected. They were men who were attending the local Labour Exchange, and who were employed in our department for a day, their work being to collaborate in a number of pulmonary function tests. Bates and Christie's subjects were, on the other hand, selected as being indubitably free from any chest complaint. On these same groups of subjects our colleague, Dr. Hugh-Jones, measured the inequality of mixing by an open circuit method and expressed the results in rather a different way, which estimates the residual inequality of mixing after allowing for the presence of a series dead space. This index gave much better separation of the normal from the emphysematous subjects. The importance of method has also been emphasized by Comroe and Fowler (1951) . They showed that the index of inequality derived from the nitrogen concentration in the alveolar air after a seven-minute period of oxygen breathing is much less sensitive for separating normal subjects from those with emphysema than their own method of measuring the change of concentration of nitrogen in a single expiration by means of the Lilly nitrogen analyser, and they also observed that many other respiratory diseases show abnormality on this test. It is clear that disturbance of intra-pulmonary mixing is but one method of exploring the function of the lungs and cannot be regarded as specific for emphysema.
It seems to us that no single test will ever be specific of this condition, for there are probably many types of emphysema, each with its own grouping of functional disturbance. Thus, in one type there may be relatively severe disturbance of intra-pulmonary mixing with a small change in R.C. % T.L.C., while in another the exact converse may be true. These types may, of course, have their counterparts in the pathological varieties shown by Professor Gough.
We think the best way of using physiological methods for the diagnosis of emphysema is to employ several tests. Fo'r example, if Tests A and B both separate normal subjects from those with emphysema to some degree, a combination of the two tests may well separate the two better. In employing this method we are following that used by the clinician. From his experience he assesses the probability of emphysema by giving due weight to the signs, symptoms and history. The physiologist can do the same, but has the advantage of having measurable indices and an objective method of weighting. His difficulty has been in the method of presenting the results. It is here that the statistical technique of discriminant analysis, developed by Fisher (1936), is of particular value. The method provides a single index which maximizes the difference between any two groups of results in relation to the scatter within" them. The index takes the form of the sum of particular multiples of the test results: f = a x (Test 1) + b x (Test 2) -c x (Test 3) + d x (Test 4) etc.
For the selection of the tests and calculation of the multiples it is desirable to compare a reasonably large group of normal subjects with a group of subjects of comparable age with advanced emphysema, using all tests which are likely to be relevant to the various aspects of emphysema.
So far we have only been able to compare a small group of 10 normal subjects aged 55 with a group of 5 cases of moderate and advanced non-industrial emphysema (average age 54). These five cases had been observed over a number of years in Professor Christie's Department, and showed a majority of the clinical and physiological features described in the literature as associated with emphysema. The comparison was made on eight tests which are listed in order of their sensitivity in separating the two groups:
1. Intra-pulmonary Gas Mixing (Open Circuit Index). 2. Maximum Breathing Capacity.
3. Residual Capacity % T.L.C.
Various combinations of these tests were tried and the best discrimination of the normal group from the men with emphysema was obtained by one including the first four on the list. The function so derived was then calculated for groups of normal subjects, and of miners with simple and complicated pneumoconiosis. Each group was balanced for age and contained the same proportion of men aged 35 (± 2), 45 (± 2) and 55 (± 2). The discriminant function gave a small scatter with age in each group, and good separation of the normal subjects from miners with Category D complicated pneumoconiosis who thus had good evidence of emphysema as judged by this combination of tests.
By contrast, the R.C. %0 T.L.C. showed a wider scatter in each group which was related to age and less clear separation of ore radiological group than another, so that judged on this single test it was not possible to be certain that men with Category D had emphysema. A similar wide scatter within the groups, and poor separation, was observed using a clinical assessment of emphysema based on the seven physical signs-Fixity of chest, Shape of chest, Impairment of cardiac dullness, Impairment of liver dullness, Hyper-resonance, Epigastric pulsation, Diminished breath sounds-each of which was given equal weighting.
In conclusion, we think that a single physiological index is an unsatisfactory method of assessing emphysema, and in its place we suggest a combination of several tests, combined in the form of a discriminant function. The method provides better separation of the normal from the abnormal and uses, most efficiently, all the physiological information available. Large groups and a wide selection of tests should permit the establishment of a satisfactory and sensitive index which could be used to assess, objectively and repeatably, the degree of emphysema in an individual or a communitv.
A fuller account of this work, and a consideration of the advantages and limitations of discriminant analvsis for this purpose, will be published elsewhere.
We wish to acknowledge our indebtedness to Professor R. V. Christie and the subjects who made this comparison possible.
(This communication was illustrated by slides.)
